Background: Pain after arthroscopic shoulder surgery is often severe, and establishing a pain treatment regimen that does not delay discharge can be challenging. The reported ability of ketamine to prevent opioid-induced hyperalgesia has not been investigated in this particular setting.
Introduction
Arthroscopic shoulder surgery is a frequent orthopaedic procedure, with approximately 1.4 million performed annually worldwide according to the American Orthopaedic Society for Sports Medicine. It is often performed on an outpatient basis, and establishing satisfactory postoperative pain control can be a challenge, but is a key constituent of successful treatment and patient satisfaction. Although shoulder arthroscopy is often offered to the patients as a less painful procedure, pain intensity during the first 24 to 48 hours is actually comparable to that of open shoulder surgery. Inadequate analgesia leads to patient dissatisfaction, delayed postoperative rehabilitation, increased nausea and vomiting, and prolonged process times [1] . Where outpatient shoulder surgery is performed without regional anesthesia, establishing other adequate strategies for pain management is particularly important. Opioid-induced hyperalgesia (OIH) is now well recognized and has been shown to increase sensitivity to postoperative pain [2] [3] [4] , and agents including ketamine have been studied for possible preemptive effects on OIH [5] . An outright recommendation of the use of ketamine to diminish OIH is still not possible due to the contradictory results of various clinical trials; with some affirming a preemptive analgesic effect [6] [7] [8] and others disputing it [9] [10] [11] [12] . While trials using low-dose ketamine for analgesia have been carried out in a variety of surgical procedures, data investigating its use as an adjunct to outpatient arthroscopic shoulder surgery are not available.
Patients undergoing shoulder arthroscopy are usually positioned in the sitting or "beach chair" position, which increases the likelihood and severity of hypotensive episodes that require prompt treatment to maintain adequate cerebral perfusion [13] [14] [15] . As such we also investigated hemodynamic parameters to see if ketamine's cardiostimulatory effects could be observed in patients under general anesthesia for shoulder arthroscopy [16] .
The primary aim of this study was to investigate if the addition of ketamine to a total intravenous anesthetic with propofol and remifentanil for outpatient arthroscopic shoulder surgery, would reduce the incidence and severity of postoperative pain. The potential influences of ketamine on hemodynamic stability, process times (operating, emergence, PACU times) and patient satisfaction were also investigated.
Material and methods
This was a single-center observational clinical trial of adult patients undergoing elective outpatient shoulder arthroscopy. After local ethics committee approval and trial registration (Deutsches Register Klinischer Studien, DRKS-ID: DRKS00004907) a total of 300 male and female patients older than 18 years with informed written consent were recruited in the period January 2012 to January 2013. Exclusion criteria included consent refusal, NYHA classification ≥ III and/or ASA Score > III, body mass index (BMI) ≥ 35 and a contraindication for any of the medications used in the study. All patients completed the study and no patients were excluded after inclusion. The patients were pseudorandomized according to the day of the week of the operation into either a group given ketamine or a control group who were not given ketamine. This pseudorandomization, i.e. scheduling of the operation date was performed by personnel in the surgeon's office who were not involved in and were unaware of the study. The patients were blinded to group allocation as were the investigator who performed the postoperative data collection interviews and data analysis.
General anesthesia was induced in both groups with a remifentanil bolus (1 µg/kg) followed by a propofol bolus injection (2 mg/kg over 2 minutes) and intubation was facilitated with vecuronium bromide (0.1 mg/kg). After intubation an anaesthesia nurse administered a 1 mg/kg bolus dose of racemic ketamine to the patients in the Ketamine Group (KG). Anesthesia was maintained with infusions of remifentanil (starting rate 0.2 µg/kg/ min) and propofol (starting rate 6 mg/kg/h) that were titrated to maintain heart rate and mean arterial pressure within 20% of preoperative baseline values. Patients were positioned in the "beach chair" position. All procedures were carried out by the same experienced surgeon. All patients were given metamizole 2.5g, paracetamol 1g and parecoxib 40 mg intraoperatively for postoperative pain. Postoperatively, IV piritramide was given, if required, in 3 mg increments every 10 min in the post anaesthesia care unit (PACU) to achieve a numeric rating scale (NRS) score ≤ 3. Readiness for home discharge was assessed using the items of the Aldrete score: orientation to time and place, stable vital signs, no nausea or vomiting, tolerable pain with minor analgesics, ability to tolerate oral fluids, ability to stand and walk. The patients were given a prescription for ibuprofen (800 mg twice daily), metamizole (1 g four times daily) and tramadol (100 mg once daily). They were encouraged to resume normal activities as soon as possible and were reminded that they would be contacted by telephone on that evening as well as on the following two days and asked to answer questions regarding their recovery.
The patient characteristics were documented and compared to assess comparability of the two groups. Cumulative doses of ketamine, propofol, remifentanil and other administered medications were recorded. Pain intensity was assessed using the 11-point numerical rating scale (NRS) that ranges from 0 (no pain) to 10 (worst pain imaginable for the patient). The intraoperative courses of blood pressure and heart rate as well as process times were recorded. Pain scores and potential side effects, such as nausea and/or vomiting, postoperative shivering, sore throat, hoarseness and difficulties in swallowing were recorded in the PACU. The patients were then contacted by telephone at home on the evening after surgery (OP day) and on following two days (POD1 and POD2) by an investigator who was blinded to the patient's anesthetic and questioned using a standardized interview. The patients were asked to describe their worst pain score in the period since the last telephone call, which was not necessarily the one that they were experiencing at that moment. They were asked to grade their satisfaction with the anesthetic on a six-point scale from 1 (very satisfied) to 6 (very unsatisfied).
Statistical analysis
Statistica10® (StatSoft Europe GmbH, Hamburg, Germany) software was used for all statistical calculations including sample size and power and determined that two groups of 80 patients would be required to detect a clinically relevant reduction of postoperative pain [6] , with a power of 80% and a p-value < 0.05. To compensate for possible dropouts 150 patients were recruited for each group. Continuous data was tested for normal distribution with the Kolmogorov-Smirnov test. Normally distributed data were described by mean and standard deviation and compared by Student's t-test for unpaired samples. Categorical data were given as absolute numbers and percentages, and analyzed by Pearson's chi-squared or Fisher's exact test depending on the number of categories. For all tests p < 0.05 was considered significant. Postoperative pain was considered the primary end point, secondary end point variables included; hemodynamic stability, process times and patient satisfaction.
Results
A total of 300 patients were enrolled and completed the study. The patients were divided equally into two groups. No patients were excluded after inclusion and all were available to answer the standardized interview. The two groups were similar in regard to demographic and morphometric characteristics (Table 1 ).
Perioperative medication
Infusion rates and total doses of the drugs administered perioperatively are given in Table 2 . The infusion rate of propofol and the total dose were significantly higher in the ketamine group. The infusion rate of remifentail was the same in both groups but a higher total dose was administered in the ketamine group due to the longer duration of surgery (see below). The infused volume of crystalloid solutions did not differ between the two groups. A similar number of patients required the intraoperative administration of theodrenaline/cafedrine (Akrinor®) to treat hypotension and the required doses did not differ significantly. The number of patients requiring opioid medication for postoperative pain and the administered doses were the same in both groups (Table 2 ).
Perioperative pain incidence and intensity
The data regarding pre-existing and postoperative pain are given in Table 3 . The majority of patients reported having shoulder pain prior to surgery. The incidence as well as the reported severity of this pain did not differ between the groups. Approximately one third of patients in both groups reported having taken analgesic medication prior to surgery on a regular basis ( KG: n=54 patients (36%), CG: n=46 (31%); p=0.30). and the majority (90%) of patients in both groups followed the pain treatment schedule prescribed at discharge (KG: 134 patients (89%), CG: 135 patients (90%), p=0.85). The incidence of perioperative pain did not differ significantly between the two groups, either at PACU admission or during the course of the day of surgery (POD O). Eighty-eight patients (59%) in the KG and 79 patients (53%) in the CG reported pain (p=0.30). The intensity did not differ between the groups (KG: 5.1 ± 2.5 points vs. CG: 4.8 ± 2.3; p=0.45; Table 3 ). On postoperative day 1 similar numbers of patients in each group reported pain of a comparable maximum severity. There was a statistically non-significant tendency toward a larger number of patients reporting pain in the ketamine group on the second day (POD2) after surgery (71% vs. 59%, p = 0.07) ( Table 3 ).
Hemodynamics
Heart rates were nearly identical in both groups (Figure 1 ). Blood pressures behaved in a similar fashion except that they were slightly higher in the ketamine group at emergence from anesthesia (Figure 1 ).
Process times
The time from the end of anesthesia induction until skin incision was the same in both groups. However, operative time (skin incision to closure) and consequently total anesthesia time, drug infusion time as well as time from end of surgery to patient extubation were significantly longer in the KG (Table 4) . Patients of the ketamine group remained longer in the PACU (Table 4 ).
Patient satisfaction
The cumulative incidence of nausea on the day of surgery or the following days and the number of patients given ondansetron was the same in both groups (Table 5) . Significantly more patients of the ketamine group vomited during this period than in the control group (Table 5 ). The incidence of postoperative shivering, urinary retention, sore throat, hoarseness, and difficulties in swallowing was the same in both groups (Table 5 ). In the final interview the patients graded their satisfaction with the overall anesthetic procedure and stated if they would recommend it to others. No statistically significant difference was found between the groups, and both groups gave their anesthesia experience an average score of 1.8 on a scale of 1 (very satisfactory) to 6 (very unsatisfactory) ( Table 5 ). Figure 1A and B: Blood pressure and heart rate.
A: Heart rate. No statistically significant difference B: Blood pressure. No significant difference in systolic and diastolic blood pressures between groups until emergence. Systolic blood pressure then slightly but significantly higher in the KG.
Discussion
The objective of this study was to investigate if ketamine injected preoperatively as part of general anesthesia incurred any benefits regarding perioperative pain incidence and intensity, hemodynamic parameters, process times and patient satisfaction for outpatient arthroscopic shoulder surgery. Continuous variables are presented as mean ± standard deviation (SD), and categorical variables are presented as counts (percentage).
"Ready for surgical preparation time": time from end of anesthesia until beginning of surgical treatment; "Surgical time": time from incision to skin closure and dressing; "Theater emergence time": time from end of surgery until leaving the operating theatre; "Total anaesthesia time": anaesthesia control time; "Propofol/remifentanil infusion time": time from start to end propofol/remifentanil infusion "PACU time": time from arrival in the PACU to the eligibility for discharge 
Ketamine group n=150

Control group n=150 p-value
Dreaming during surgery n (%) 11 (7) 6 (4) 0.27
If YES, was it unpleasant? n (%) 1 (9) 1 (17) 0.64 Nausea on day of surgery or on first postoperative day n (%) 36 (24) 36 (24) 1.00
Vomiting on day of surgery or on first postoperative day n (%) 22 ( Continuous variables are presented as mean ± standard deviation (SD), and categorical variables are presented as counts (percentage).
Our results showed that perioperative pain did not differ significantly at any time between KG and CG. The propofol infusion rate and the total dose were higher in KG than in CG. Hemodynamics did not differ significantly. The operative times, emergence times, and PACU times were longer in KG and the incidence of vomiting was more frequent in this group as well.
The analgesic potential of ketamine (an NMDA antagonist) has received a significant amount of attention, with a possible role in preventing opioid-induced hyperalgesia (OIH) being put forward as a key analgesic mechanism [17] . Withdrawal of opioids at the end of surgery can precipitate OIH and although remifentanil is often favored in the outpatient setting it has been shown to increase OIH to a greater degree than other opioids [18] . OIH research in animals has shown that a sudden reduction in the plasma levels of µ-receptor-agonists can lead to a long-lasting enhancement of signal transmission (long-term potentiation or LTP) at the first synapse of the tractus spinothalamicus (main pain pathway) and to central sensitization [19] . As activation of NMDA receptors plays a key role in LTP [19] ketamine could theoretically interrupt this pathway. However reviews of clinical trials have been unable to substantiate this claim. Alain et al. concluded that insufficient evidence exists to recommend ketamine as a preemptive analgesic agent [20] and similarly Oliveira et al. stated that its preemptive analgesic role cannot be confirmed. He suggested that differences in statistical analysis may have led to the contradictory outcomes in the various studies [21] . We found that there was not only no reduction in the incidence of severity of perioperative pain incidence but that potentially a larger number of patients might have late postoperative pain following intraoperative administration of ketamine. However, the observed 12 percent point difference was not statistically significant with a p-value of 0.07. One reason that ketamine did not decrease pain scores in our study could have been that ketamine is not a useful analgesic as other trials have found, or that the actual severity of pain was too great. Our patients reported high average maximum pre-operative NRS scores of about 7 (i.e. severe pain, unable to perform activities of daily living). Ketamine may not be able to offer any benefits in the face of such severe pain and may only be suited for mild or moderate pain. Average postoperative maximum NRS scores of over 7 show that pain after shoulder arthroscopy should not be underestimated [14] .
Since ketamine inhibits presynaptic noradrenaline reuptake (increasing plasma catecholamine concentrations) we also studied hemodynamic parameters (blood pressure and heart rate), particularly because patients were "beach-chaired". Timm et al. demonstrated that combining ketamine with propofol at induction of general anesthesia led to greater hemodynamic stability but that this effect was lost when the propofol infusion rate exceeded 3 mg/kg/h [22] . The total propofol infusion rates used in our study were up to more than 8 mg/kg/h (i.e. markedly greater than the cut-off point defined by Timm et al.) and we did not observe any hemodynamic benefits of ketamine; a similar number of patients in both groups required pharmacological circulatory support to treat hypotension. We also studied the effect of ketamine on overall process times (i.e. operating, emergence and PACU times) which are particularly pertinent for outpatient surgery. We found that although the surgical team was always the same, the surgical time was significantly longer in the ketamine group. The two anesthetics were consistently performed on different days of the week but any connection between the duration of surgery and the day of the week is most highly unlikely.
Emergence was slightly longer in the patients of the ketamine group. This may be a direct ketamine effect or be due to the longer infusion times and higher infusion rates for propofol and remifentanil The latter may have been due to ketamine's tendency to increase blood pressure and heart rate, which would have forced the anesthesiologist to increase the infusion rate of propofol and/ or remifentanil.
Patients of the ketamine group required longer to achieve "home readiness" than controls. This may have been due to the greater cumulative doses of propofol and remifentanil received by KG and to the greater incidence of postoperative vomiting compared to patients of the control group. In addition, patients recovering from an anesthetic employing ketamine are often more agitated, which can prolong PACU stay.
Limitations
For institutional reasons, this study was conducted as a pseudorandomized study. The group assignment was made by the day of the week (KG: surgery on Tuesday and CG: surgery on Friday). The dates for surgery were assigned to the patients by personnel in the surgeon's office who were not involved in the study. This is a less robust method than other means of randomization, but we had no influence on which patient was given which anesthetic, which precludes bias, and the patients as well as the investigator who conducted the postoperative telephone interviews and analyzed the data were blinded to group allocation.
Conclusions
In summary, our study demonstrated that the preoperative administration of low-dose ketamine to propofol-remifentanil anesthesia does not improve postoperative pain relief in patients undergoing outpatient arthroscopic shoulder surgery. Ketamine was associated with a higher incidence of postoperative vomiting. We do not recommend administering low-dose ketamine to patients undergoing outpatient arthroscopic shoulder surgery.
